ABSTRACT -The objective was to evaluate the differences between distinct types of litter material and their combinations in the dynamics of degradation on the organic matter fractions and the quality of the final compound. The treatments were established according to material used as substrate for broiler litter: treatment 1 -rice husks; 2 -sugar cane bagasse; 3 -wood shavings; 4 -wood shavings + sugar cane bagasse; 5 -rice husks + sugar cane bagasse; and 6 -Napier grass.
Introduction
According to Brazilian Poultry Union (Ubabef), the Brazilian poultry production reached over 13 million tons in 2011, about 6.9% more than the total produced in the previous year. This growth leads to increase in the concern about waste production from the poultry industry, mainly poultry litter. The litter is responsible for a number of functions, such as protecting the bird from direct contact with the floor; it is used as a substrate for absorption of moisture, storage of feces, urine, and feathers and, in addition, it contributes to reducing the temperature fluctuations (Araujo et al., 2007) . However, the large amount of manure that is accumulated in the litter turns it into an important source of contamination (Sampaio et al., 1999) .
Until some years ago, the poultry litter was used in the feeding of ruminants, once it was a very common practice and was even encouraged all over the country until 2001, when it was banned by the Normative Instruction Number 15 from the Brazilian Ministry of Agriculture, Livestock and Food Supply, as a method to prevent potential risk of bovine spongiform encephalopathy (Dutra et al., 2005) . After this statement, the litter could only be used in the fertilization of crop areas, which determined that the poultry production units should drive a new application for the waste generated by this animal production (Dutra et al., 2005) .
The composting process is the most suitable method for waste recycling, which besides having the advantage of reducing mass, volume and pathogenic micro-organisms, also enables the obtainment of a final product with good fertilizing characteristics that should be consciously exploited for agricultural production (Orrico et al., 2007) . Like any other biological process, composting needs some factors to ensure satisfactory results, including the most important ones: temperature, moisture, pH and chemical composition of the material; the latter is the most challenging to be controlled and thus leads to varied results during the process (Orrico Junior et al., 2010) . Huang et al. (2008) and Perez et al. (2002) showed that the composition of the fibrous fraction of plant materials (cellulose, hemicellulose and lignin) significantly influences the degradation rate of these compounds, mainly when the lignin comprises the major part of the substrate. Thus, it is clear that the poultry litter content may vary significantly according to the initial litter material and the lignin content present in it (Orrico Junior et al., 2011) .
The objective of this study was to evaluate the differences between distinct types of litter material and their combinations in the dynamics of degradation on the organic matter fractions and the quality of the final compound.
Material and Methods
The research was conducted in the facilities of the Poultry Research Unit, where the samples from different types of poultry litter were collected during the period from January to May 2009. Broilers were housed in pens covered with different types of litter material such as rice husks, sugar cane bagasse, wood shavings, wood shavings + sugar cane bagasse, rice husks + sugar cane bagasse and Napier grass. The compost test was performed with the residue that was initially placed as litter substrate added to the spilled feed, feathers and manure generated by birds during a growing cycle.
At the beginning of the experiment, approximately 200 kg of poultry litter was used to build the composting piles. The windrowing was formed under field conditions in order to obtain more realistic results when compared with poultry house conditions. Then, the amount of incorporated material was increased in order to split it into three other treatments which provided better heat conservation into the piles and thus better composting results were attained.
The piles were built at the composting area with masonry floor with 2% slope for drainage of water excess. Six types of litter material with three replicates per treatment were used for the experiment. The treatments are described as follows: treatment 1 -rice husks; 2 -sugar cane bagasse; 3 -wood shavings; 4 -wood shavings + sugar cane bagasse; 5 -rice husks + sugar cane bagasse; and 6 -Napier grass, comprising the formation of 18 piles on the total.
During the composting assay, variables such as mass of piles, content of total solids (TS), volatile solids (VS) and volume occupied by piles were monitored on a weekly basis, except for temperature, which was assessed every morning at 08h00min with a digital skewer thermometer that was inserted up to 3 different points (base, top and center) in each pile, and then, daily temperature was estimated based on the average value of the three readings. The volume of the piles was measured at the weighing and the composting material was kept in buckets of 100 liters (with intermediate gradations of 10 liters). At the weighing and volume estimates, samples were taken for determination of TS and VS levels.
The contents of cellulose, hemicellulose, lignin, nitrogen, phosphorus and potassium were assessed at the beginning and end of the process; samples were taken from piles in each process stage. The content of each component and the dry matter of the piles were considered for estimating the initial and their final quantities. The amount of N, P and K was determined by Digesdahl Hach digester, which promoted digestion of the total organic matter using sulfuric acid (H 2 SO 4 ) and hydrogen peroxide (H 2 O 2 ) at 50%. Nitrogen was determined as described by Silva & Queiroz (2006) .
The phosphorus content was determined through colorimetric analysis, which is based on the forming of yellow compound from vanadomolybdophosphoric system at acidity of 0.2 to 1.6N and then, the color developed was measured in a spectrophotometer model DR-2000 HACH. The phosphorus concentration was determined through a standard curve, which had a straight line plotted from previous standard concentrations between 0 and 52 mg P/mL. These standard concentrations were prepared according to methodology described by Malavolta et al. (1989) . The concentration of potassium (K) was determined through atomic absorption spectrophotometer, model GBC 932 AA.
The contents of TS, VS and phosphorus were determined according to methodology described by Apha (2005) . The cellulose and hemicellulose concentrations were estimated by determining the NDF and ADF, as described by Silva & Queiroz (2006) . The lignin was determined by potassium permanganate procedure, as described by Silva & Queiroz (2006) .
In order to analyze the test results from composting of poultry litter obtained with different substrates, a completely randomized design was adopted, with six treatments and three replications (piles), using the Tukey test for comparison of means (α = 0.05). Statistical procedures were performed through GLM of SAS (Statistical Analysis System, version 6.0).
Results and Discussion
Temperature is an important parameter to evaluate the quality of the composting process. According to the results observed in studies (Table 1) of composting, when the temperature remains high for several days, it means that the material is undergoing intense degradation, which is good, because the quicker the litter material reaches stability, the greater the reduction of pathogenic microorganisms that do not tolerate high temperatures for so long.
Concerning this behavior, Curci et al. (2007) , Torres et al. (2007) and Orrico et al. (2007) proved the efficiency of the composting process on the elimination of several species of pathogenic microorganisms, including sporulated bacteria such as Clostridium sp, highlighting the importance of maintaining the temperature at thermophilic ranges.
Among the treatments, the piles of poultry litter with Napier grass had the highest temperature (P<0.05) during the composting process, while the piles mixed with rice husks and sugar cane bagasse presented the highest average temperature during the thermophilic phase. These results demonstrate that the presence of forage (Napier grass or sugar cane bagasse) in the composition of poultry litter allowed the increase and maintenance of temperatures during composting, which is probably explained by the greater content of nonstructural carbohydrates in the composition of forages, thus increasing the degradation by microorganisms and as a consequence, the heating of the piles.
In both comparisons of temperature, the worst performance was demonstrated by piles with rice husks as poultry litter material, because it probably represents a source of energy with reduced availability which prevented the rising of temperatures. In order to present a significant reduction of pathogenic microorganisms during the composting process, the substrate of the pile has to reach high temperatures that must be kept for several days (Orrico Junior et al, 2009 ). Low temperature for a short period of time may not be sufficient to sterilize the final compound. So, its use as a fertilizer can lead to contamination of the feed to be produced and therefore will contribute to the spread out of diseases on the farm property (Gonçalves & Marin, 2007) .
The greatest reductions in TS, VS and volume (P<0.05) were achieved by the piles formed by poultry litter with sugar cane bagasse, followed by Napier grass and all treatments that had sugar cane bagasse as litter material (Table 2 ). This result is extremely important in production systems, since the reduction of pile mass contributes to better use of the space for composting, once it reduces the amount of the final product (compound), which facilitates storage and decreases the expenses for application.
The greater mass reductions during composting are probably related to the degradation of substrates, as previously discussed about the temperature. It is worth noting that the presence of forage (sugar cane and Napier) in the composition of poultry litter improved the degradation of waste during the process. So, composting of piles formed from litter with rice husks or wood shavings without sugar cane had the lowest reduction of TS mass, demonstrating their resistance to degradation. This increased resistance to degradation is coupled to the greater proportion of lignin (Table 3 ) contained in the material that initiated the composting process.
The evolution of various fractions of organic matter along the composting was studied by Francou et al. (2008) , who concluded that among the constituents of the fiber, lignin is the main responsible for slowing down the decomposition of organic matter, once the rate of biodegradation of an organic material depends on the amount of lignin present in it.
Therefore, these authors indicated the lignin/(cellulose + hemicellulose) ratio as precise to predict the degradation potential of a material or to check whether the organic compound reached a satisfactory degradation for use as organic fertilizer. According to these authors, the greater the lignin/(cellulose + hemicellulose) ratio, the lower the biodegradation of the material, which ends up limiting its use in the composting process, if it is a residue, or indicating that the composting process reached the maturity stage, if it is a compound. The increase in lignin content (Table 3 ) occurred due to the quick reduction of other constituents of organic matter while this fraction got accumulated in the material. However, when considering the lignin in quantitative terms, i.e., the amount at the beginning of the composting process and the amount at the end of composting, reductions ranging from 0.563 to 0.312 kg/kg (Table 4) were observed. In addition, the poultry litter produced with rice husks and wood shavings presented 132.1 and 102.3 g lignin/kg of TS, respectively, which contributed for these materials to present a reduction in the degradation of the fibrous fraction (Table 4 ) and consequently reduce its degradability.
The composting of poultry litter with sugar cane bagasse was the one with the greatest reductions in cellulose and hemicellulose, 0.774 and 0.742 kg/kg, respectively, unlike the litter with rice husks and wood shavings, which presented the lowest reductions of hemicellulose and cellulose, respectively. This finding is in agreement with studies conducted by Perez et al. (2002) , who observed that lignin is a compound with limited degradation that also inhibits the breaking down of cellulose and hemicellulose of the plant material, acting as a physical barrier and protecting the fibers from attack by cellulolytic and hemicellulolytic microorganisms. Thus, it is believed that part of cellulose and hemicellulose that could be degraded will not be hydrolyzed during composting due to the resistant protection of lignin.
Phosphorus and potassium contents (Table 5 ) showed no differences (P>0.05) with respect to the different treatments at the beginning and end of the composting process. Thus, the substrate had no influence on the final composition of the compound. However, nitrogen levels were the most influenced by the type of litter substrate.
According to Orrico Junior et al. (2010) , significant losses of nitrogen occur during the composting of poultry litter due to the unequal balance of the C:N ratio of the material. Most of the nitrogen is lost by ammonia volatilization, which starts with the hydrolysis of nitrogen compounds by microorganisms that degrade the organic-N, leading to formation of NH +4 .-N (ammonification). The compound formed, NH +4 .-N, is used in microbial growth or in the nitrification process. However, when its amount is greater than that assimilated by microorganisms, the compound is lost to the atmosphere as nitrogen oxides and ammonia; the latter represents the largest fraction of the losses. In the specific case of this study, it was observed that the treatments that had the lowest rates of degradation (rice husk, wood shavings and mixings with them) were the ones with the highest losses of nitrogen due to a lower microbial activity that is responsible for preventing the loss of nitrogen to the atmosphere. 
Conclusions
The performance of the composting process of poultry litter is affected by the material used as substrate for the production of the litter. The substrates that have lower levels of lignin have the highest rates of degradation of several fractions of organic matter and keep the levels of nitrogen during the process. Table 5 -Levels (g/kg TS) of nitrogen (N), phosphorus (P) and potassium (K) at the beginning and end of the composting process TS -total solids.
